Noise filtering is an essential part for measurement of quantum phenomena at extremely low temperatures. Here, we present the design of a filter which can be installed in space constrained cryogenic environment containing a large number of signal carrying lines. Our filters have a -3db point of 65kHz and its performance at GHz frequencies are comparable to the best available RF filters.
I. INTRODUCTION
With the advancement of science, low noise measurements at low temperatures are becoming increasingly important. Experiments probing quantum mechanical phenomena require high degree of immunity from stray noise present in our surroundings. Though it is relatively easy to reach temperatures as low as 10mK in commercial dilution refrigerators, achieving similar electronic temperatures on the other hand is far from being trivial. This is due to the fact that the microscopic system to be studied is connected to measurement instruments at room temperature. The electromagnetic noise coming from the room temperature environment perturbs the system through propagation through the measurement lines. To eliminate such disturbance, effective cryogenic filters are necessary for each measurement line.
In the literature there are various types of filters which have been developed, for example thin film filters [1] [2] [3] , distributed thin-film microwave filters 4 , Thermocoax (Flers, France) filters 5, 6 to name a few. More recently researchers have concentrated on powder filters with increased performance 7, 8 . Though these filters have high performance, they are relatively bulky and cannot be used in space constrained cryogenic systems, especially when a large number of measurement lines are required. It was essential to design a filter which is effective in the GHz frequency range and that can easily be installed into space constrained cryogenic systems. In this article we detail the fabrication of such a filter and demonstrate its efficiency by measuring the low temperature superconducting transition of a granular material.
II. EXPERIMENTAL SETUP
In figure 1 we have shown the schematic of our filter as installed in our 3 He cryostat.
Our filter is divided into three stages. The first stage consists of twisted pairs of constantan wires inserted into a Cu/Ni tube filled with ECCOSORB CRS 117 (EC) (Portion between points A and D in figure 1 ). The second stage is an inductor embedded in the cold finger using a mixture of copper powder and stycast (D in figure 1 ). This stage has been added to ensure efficient cooling of the measurement lines at the lowest temperature point. In the third stage a RC-filter is added to adjust at will the desired cut off frequency, which, in our case is ∼115kHz (at the base of D in figure 1 ). For fabricating the first stage we took thirty pairs of twisted constantan wires, one from each pair is for the signal line and the other is a ground line connected to the lowest temperature stage of the cryostat (point C in figure 1 ). The insulated constantan wire had a diameter of 0.12mm with a length of 1.2m. All the twisted pairs were grouped together and pushed inside a Cu/Ni tube having an outer diameter of 3.5mm. While putting these twisted pairs we fixed a needle-less hypodermic syringe filled with EC at the end of the tube. This ensured that the wires entering the tube were fully coated with the EC. Since this process was done at a very slow rate the material filled the tube volume completely. 
III. RESULTS AND DISCUSSIONS
In figure 2 we have shown a comparison between the attenuation of the first stage in our filter with the powder filters of Lukashenko et al. stage is already better than any of the available options. Apart from that, the space required to install our filter is much less when compared with coaxial lines or the filters of ref. 7, 9 .
Though the performance of our first stage is better than the available options, it is not good enough for measurements involving extremely sensitive systems like the superconducting transition of granular superconductors. We therefore added to the first stage an inductive 5 second stage and a RC filter in the form of a third stage. The combined second and third stage acts as a low pass filter whose cut-off frequency can be adjusted.
In figure 3 we have shown the attenuation curve for the complete filter at room temperature. The line has its -3db point at ∼65kHz. The attenuation at low frequencies (f < 10MHz) can be explained by a combination of complex RLC low pass filter as indicated in the lower panel of figure 3 . Resistance R 1 represents the resistance of the twisted wires of the first stage, the capacitance C 1 is assumed to exist between the wires and the grounded wall 6 of the tube containing the twisted wires, the inductor L is from the second stage, resistance R 2 and capacitance C 2 forms the RC-filter of the third stage. The inductance of the coil as estimated from its geometry is ∼ 10µH. R 1 is measured to be equal to ∼80Ω and R 2 and C 2 are fixed 511Ω and 2.7nF, respectively. For this given circuit the output voltage across the capacitor C 2 in terms of input voltage can be written as
where
The simulated result for this equation is shown in Panel A (blue dashed curve). The value of capacitor C 1 is determined by the best fit curve and yields 3±1nF.
To test our system in real experiments we measured the current voltage characteristics of a nanostructured superconducting nanocrystalline diamond device 10 at 300mK as shown in commonly used Thermocoax filters we have also plotted the histogram of measurements of the switching current as an inset to panels B and C. The full width at half maximum in case of Thermocoax filtered lines is ∼1.1nA while for measurements involving our filters it is ∼0.7nA. For the measurements using our filters we have not used any of the commercially available filters which have been added to increase the noise filtering of Thermocoax lines.
This clearly demonstrates that our filter is much more effective in filtering noise detrimental to measurements involving very small signals.
IV. CONCLUSION
In conclusion we have designed a filtering system, with large number of signal lines, which can be installed in a space constrained cryogenic system. Our filter has performance parameters at par with some of the best filters available in literature. We have also given a plausible model explaining the filtering action in our system at low frequencies (up to 10MHz). Lastly, our filters have been tested with real experiments where we see that for the measurement of very small critical current (below 1µA) the switching current resolution is below 0.1%. 
